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Food Microbiology
· Food
· Refers to anything that can be eaten, drunk or sold as food products
· Can be contaminated by potential pathogens which after ingestion may cause disease
· Proper handling and storage are necessary in order to prevent contamination by micro-organism
· Contaminants are – bacteria and or fungi – cause food spoilage or disease if ingested
Methods of protection of food from contamination

· Hand washing before touching food
· Proper cooking – some pathogenic organisms can be acquired from eating undercooked or raw foods
· Refrigeration – cold temps inhibit multiplication
· Drying- powdered milk – lack moisture
· High osmolarity – meat or fish immersed in brine – fruits packed in syrups
· Use of chemical preservatives – in concentrations which are harmless to human beings – sodium benzoate, calcium propionate, sulphur dioxide
· Irradiation – UV light to reduce surface contamination of food and equipment
· Heat rx – in industrial autoclaves for sterilization of canned food
Types of foods

· Grouped according to sources
· Plant products
· Animal products
· Manufactured foods
Plant products

· Mainly fruits, vegetables, and grains
· Subject to microbial contamination from soil, air, insects, and human handlers
· Contaminants include fungi, spore forming and non spore forming bacteria
Animal products

· Meat and meat products – fish, eggs, milk
· Fresh meat – exposed surfaces are contaminated by organisms derived from animal's skin, GIT, dust, butchery equipment
· Can be cocci, gram -ve bacilli, anaerobic spore forming bacteria, fungi
· Meat from infected animals depending on the infection – B. anthracis
· Unpreserved meat – organisms vary
· Contamination of cooked meat – B. cereus
· Fish – similar to meat also Achromobacter – found in water cause spoilage
Eggs

· Almost all clean fresh uncracked eggs are  free of micro-organisms except for a small percentage
· A coating on the surface of the egg prevents most of the potential contaminants from penetrating into the inside
· Sources of contamination – feces of the hen, dust in the immediate environment where the eggs are laid
· Possible contaminants – gram -ve  bacilli include salmonella, E. coli, proteus
· Others B.cereus, yeasts
Milk

· Can be contaminated by non pathogenic as well as pathogenic organisms
· Non pathogenic bacteria are rouped according to their effects on milk
· Acid forming
· Alkali forming
· Proteolytic bacteria
· Inert bacteria
Acid forming

· Responsible for the natural souring of milk – cause fermentation with lactic acid production
· Consists of certain spp of Strep and gram -ve bacilli – Strep lactis, Klebsiella aerogenes
· Lactobacillus acidophilus can be inoculated in milk to make it sour
Alkali forming

· Act ion nitrogenous substances in milk and produce ammonia
Proteolytic bacteria

· Cause hydrolysis of the milk protein through the activity of certain enzymes they possess
· Other abnormal changes caused by other bacteria
· Various chromogenic bacteria which cause color changes
· Some bacteria act on the milk producing a bitter taste
Inert bacteria

Pathogenic organisms in milk

· Milk secreted from healthy glands and healthy animal is sterile. However can get contaminated by organisms in the milk ducts and udders
· Micrococci and streptococci
· Milk provides a favorable medium for growth of many pathogenic micro-organism
· Can be a source of infection more easily when consumed in large quantities especially in the unprocessed stage
· Transmissible organisms are likely to be organisms involved in causation of disease of cattle, goats, and humans
· Infections in cattle (or goats)
· Bovine tuberculosis – Myobacterium bovis – derived from the infected udder or contamination from feces after the animal has swallowed sputum containing organisms
· Undulant  fever – Burcella spp
· Streptococcal infections – from infected udders – Strep agalactiae, Strep pyogenes
· Others – Staph aureus, Coxiella burnetii
· Human diseases transmitted by milk
· Salmonella infections
· Bacillary dysentery
· Respiratory tract infections due to mycobacterium tuberculosis
· External sources that can contaminate milk
· Air or dust
· Animal skin
· Animals feces
· Containers
· Hands and or clothes
· Respiratory tract of milk handlers
· Bacterial agents include – salmonella, campylobacter, shigella, staph aureus, strep pyogenes
Prevention of transmission of organisms through milk

· General
· Detection and elimination of infected animals which form the reservoir for some infections
· Ensuring cleanliness in every step during production and packaging
· Periodic inspection of dairy farms
· Specific - Rx or processing of milk
1. Pasteurization

· Heating at 63°C-66°C for 30 mins then cooling rapidly
· Dispensed aseptically into sterile containers and sealed
· All vegetative bacteria are rendered non viable 
· Milk is rendered safe for consumption
· Spoilage is delayed without destroying the flavor- for limited period of time
· Tests:
(a) Phosphatase test determines the inactivation of the enzyme which is normally present in cow's milk

(b) methylene blue reduction tests  depends on the reduction and decolorization of methylene blue by bacteria in milk.

2. Sterilization
· Heating at 105-115°C in its container 
· Alters the flavor
· Useful for canned evaporated milk
· Tests – turbidity test which determines the approximate number of bacteria in suspension
3. Ultra heat treated milk (UHT)

· Heating at 135-150°C then aseptically dispensing into sterile containers
· Destroys all forms of bacteria
· Test – colony count test
Determination of quality of milk

· Several different procedures used to determine the quantity of bacteria contained
1. Plate counts – standardization of the medium and techniques are necessary to enable comparison results

2. Microscopic counts – a measured(known) quantity of milk 0.01 ml is spread and dried on a glass slide- fat washed out, slide is fixed then stained

3. Coliform count

4. Isolation of specific organisms

Manufactured products

· Types of organisms depend on the nature of the food and the manufacturing process
· Baked foods
· Organisms can be derived from – the ingredients, equipments and food handlers
· Baking process – destroys non spore forming bacteria, some spores
· Hardy bacteria spores may survive
· Exposed part of foods
· Canned foods
· Organisms can enter the can via minute faults or multiply as a result of under processing
· Likely organisms – clostridium botulinum in the form of heat resistant spores
· Spores grow when condition become favorable and subsequently produce botulinum toxin
Bacteriological examination of food

· Can be performed to:
1. Detect a specific organism known to cause food spoilage

2. Detect an organism responsible for food poisoning

· Tests
· Viable count – estimation of microbial content; bacteria alone or bacteria and fungi; determines the number of organisms per gram of food
· Estimation of E. coli – a strain associated with fecal contamination; grows at 44°C
· Tests should be standardized and reproducible
· Foods examined are sampled properly to represent the whole batch
FOOD BORNE INFECTIONS

· General refers to illness which result from bacteria ingested in foods
· manifestations are as a results of 
· inflammatory response to invasiveness of the organism in the GIT or spread to other tissues
· effects of exotoxin released by the organism
· both invasiveness and toxin production
· manifestations are either limited to the GIT or can involve other tissues and organ systems
· Bacteria associated with food-borne infections include
· Salmonella enteritidis – salmonella typhi, salmonella pratyphi
· Vibrio cholerae – vibrio prahaemolyticus
· Shigella species –
·  campylobacter jejuni
· Yersinia enterocolitica
· Escherichia coli
· Staphyloccoccus aureus
· Bacillus cereus
· Clostridium perfringens
· Clostridium botulinum
· Listeria monocytogenes
Bacterial food poisoning

· when used strictly refers to diseases caused by bacterial toxin that are either ingested preformed or elaborated in the intestines by bacteria present in the ingested contaminated food
· bacterial enteritis  strictly refers to inflammatory disease of the intestine resulting form the bacterial infection.
· Majority use bacterial food poisoning to refer to either toxin related gastroenteritis ro gastroenteritis resulting from invasion of the intestinal tract
· most of the time a public health problem which involves a group of people who have consumed common food contaminated with micro-organisms or their toxins during preparation or storage
· mainly a result of lack of proper hygiene while preparing the food items or lack of storage facilities for left overs or partly used foods
Manifestations

· Acute onset of diarrhea with/without nausea, vomiting, fever in an otherwise healthy individual
· Majority are usually mild and self limiting or may require replacement of fluid lost
· Bacteria which are associated include
· Salmonella enteritidis and other members of the group
· Staph aureus
· Clostridium spp
· Bacillus cerues
· Vibrio spp
Salmonella

· disease resulting from infection with salmonella spp such as salmonella enteritidis
· the food should contain millions of organisms per gram in order to initiate dx
· organisms multiply in the small and large intestines and cause an inflammatory process which causes epithelial damage
· results in bacterial enteritis – diarrhea and vomiting, fever; approximately 12-36 hrs after eating contaminated food; may last  for days
· meat products
· Lab confirmation
· based on culture of stool, blood or foods for isolation and identification of the organisms
· Aspects of management
· rehydration where necessary
· uncomplicated or mild – no antibiotics
· antimicrobial agents are indicated where bloodstream invasion is likely – based on manifestations- fever, generalized body weakness
· Antimicrobials - chloramphenicol, ampicillin, cotrimoxazole
Staphylococcus aureus

· Human carriers act as a source of infection for particular strains – contaminate and multiply in food and produce a heat stable enterotoxin
· Foods commonly contaminated include – meat, salads, creams
· may manifest 1-6 hours after ingestion of contaminated food, lasts 6-8 days
· Abdominal pain and diarrhea
· Most people need rehydration
Clostridium perfringens

· Associated with contaminated meat products
· Toxin released during multiplication of the organism after ingestion
· Manifestations include – diarrhea, nausea, headache and rarely vomiting
· 12-24 hrs
· Oral fluids administered if necessary
Clostridium botulinum

· Food poisoning due to pre-formed heat labile toxin – a neurotoxin
· Associated with foods such as fish, raw or smoked , preserved meat
· On set 2 hrs – 8 days after ingestion
· Manifestations- nausea, vomiting, and diarrhea, double vision and others
· Tx - antitoxin & other measures
Bacillus cereus

· Associated with fried foods including fried rice which has been kept at room temp; also meat stews
· Associated with enterotoxin production
· Diarrhea, abdominal pain, vomiting, nausea
· Rehydration may be required
E. coli

· Enterotoxigenic strains ingested; affect travelers
· Abdominal pain, vomiting, diarrhea
· Comparable to cholera
· Fluid replacement as part of Rx
Campylobacter jejuni

· Due to invasion and exotoxin production
· Multiplication in intestines- invasion of lining causing enterocolitis; invades into blood system
· Manifestations- fever, headache, pain in abdominal and limbs, diarrhea may contain blood
· May last 1-2 weeks
· Lab – cultures of blood and stool
· Management
· Rehydration
· Antibiotics – erythromycin, ciprofloxacin
Vibrio parahaemolyticus

· Contaminated sea foods
· Dx due to toxin production or invasion
· Abdominal pain and diarrhea
· Rehydration
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